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Abstract 
Acute  or  perforated  appendicitis  within
inguinal hernia is rarely encountered and it is
known as Amyand’s hernia. We report on the
first case occurring in a 4-year-old boy affected
by permanent neonatal diabetes mellitus due
to pancreatic agenesis, an extremely rare con-
dition. The initial suspicion of inguinal hernia
was confirmed by ultrasound examination of
the  right  inguinal  region  which  revealed
omental layers inside a swollen inguinal canal;
this  finding  and  the  clinical  presentation
allowed  a  prompt  and  appropriate  surgical
management.  The  careful  evaluation  of  this
patient and early recognition of this unique
presentation of appendicitis allowed trans-her-
nial appendectomy and immediate herniorrha-
phy. Ultrasono  graphy played a pivotal role to
reach  the  correct  diagnosis  and  to  start  a
prompt treatment.
Introduction
The finding of an uninflamed appendix in
an  inguinal  hernial  sac  is  estimated  to  be
found in approximately 1% of adult inguinal
hernia repairs; furthermore, it is three times
more likely in children than in adults.
1,2 The
presence  of  a  vermiform  appendix  in  an
inguinal hernial sac is termed Amyand's her-
nia  (AH),  and  has  almost  never  been  diag-
nosed prior to surgery.
3,4 The first case of AH
was described in 1735 by the surgeon Claudius
Amyand  and  its  incidence  is  estimated  to
range from 0.08 to 0.13% of all cases of appen-
dicitis.
5,6 To date, only few case reports have
been published.
Neonatal diabetes mellitus (NDM) is a rare
disorder affecting 1:400,000 newborns charac-
terized  by  insulin-requiring  hyperglycemia
occurring within the first month of life; it can
be classified into transient and permanent.
7,8
Variable  and  complex  mechanisms  underlie
this  condition,  and  several  genetic  defects
responsible for both forms have been identi-
fied, but only 19 cases due to pancreatic agen-
esis have been reported in the literature.
9
Case report
A  Caucasian  boy  born  of  non-consan-
guineous  parents  at  37  weeks  of  gestation,
delivered  by  caesarean  section,  with  severe
intrauterine growth retardation (weight 1620 g,
length 45 cm) developed severe hyperglycemia
on the first day of life (500 mg/dL). NDM was
diagnosed  and  treated  with  intravenous
insulin infusion. Atrial septal defect was iden-
tified; no dysmorphic features were observed.
Abdominal ultrasound revealed pancreas agen-
esis, then confirmed by magnetic resonance
imaging.  Karyotype  analysis  resulted  normal
(46 XY); other main laboratory data are sum-
marized in Table 1. Enteral feeding was started
with infant formula at 48 hrs after birth and
pancreatic enzyme therapy was administered
due  to  pancreatic  exocrine  insufficiency.
Screening  for  hypothyroidism  revealed  low
fT4, low fT3, and increased TSH: L-thyroxine
was started at a daily dose of 10 µg. Thyroid
ultrasound revealed normal position, size and
shape of the gland. Treatment with L-thyroxine
was suspended at two years of age after retest
of  thyroid  parameters  which  showed  euthy-
roidism. Despite strict diabetes management
by the parents and normal values of Hb1Ac,
glycemic  values  were  extremely  brittle  with
frequent  spikes.  Catch-up  growth  was
observed at two years.
At 4.5 years of age the patient was admitted
to our Emergency department because of fever,
with right lower quadrant pain and induration.
Physical examination revealed an acute irre-
ducible swelling, hard and tender to palpation,
located in the right inguinal region. Laboratory
analysis showed leukocytosis in the full blood
count. Urinalysis was normal. An obstructed
inguinal hernia was initially diagnosed. Ultra  -
sonography  (US)  examination  revealed  the
right  inguinal  canal  occupied  by  omental
sheets, peritoneal fluid and a tubular elongat-
ed intestinal structure. This intestinal struc-
ture had a layered appearance, was about 2.5
mm  thick  and  had  a  blind  extremity.  These
findings were consistent with appendix. The
right testicle was normal in the scrotum, sur-
rounded by mild hydrocele (Figure 1).
Under general anesthesia, an incision was
made in the skin crease of the right inguinal
region,  just  above  the  superficial  ring.  The
deep  fascia  was  opened  and  the  external
oblique aponeurosis was identified and sepa-
rated to reveal the spermatic cord, where the
hernial sac was identified and isolated. Upon
opening the peritoneo-vaginal duct, the appen-
dix and of the cecum were found to be lying
within, with minimal adhesions to the sac. The
cecum was freed from the flimsy adhesions to
the sac and after a trans-hernial appendecto-
my,  the  caecum  was  reduced  within  the
abdominal cavity. Then the surgeon performed
an immediate herniorrhaphy. The patient had
an uneventful post-operative period and was
discharged after three days. The patient was
treated with intravenous fluid and insulin and
metabolic control was stable.
Discussion
Here we report on one of the few cases of AH
occurring in a child, and absolutely the first
case in a boy affected by permanent neonatal
diabetes mellitus due to pancreatic agenesis.
2,5
This  condition  appears  to  be  caused  by
adhesions of the inflamed appendix occurring
inside an enlarged hernial orifice rather than
by external compression of the appendix base.
Most of the cases occur on the right side, prob-
ably as a consequence of the normal anatomi-
cal position of the appendix and also because
right-sided inguinal hernias are more common
than left-sided hernias.
Because of the sequestered nature of the
inflammatory process, AH presents with few
classic systemic signs or symptoms suggestive
of acute appendicitis; for this reason, in the
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past  the  diagnosis  was  nearly  always  made
intra-operatively;  pre-operative  diagnosis  is
very difficult and only two authors reported a
correct  pre-operative  diagnosis.
10,11 Although
pre-operative  computed  tomography  (CT)  of
the abdomen may be helpful in reaching the
correct  diagnosis,  the  method  of  choice  to
study the inguinal canal is US examination.
Availability, lack of invasiveness, no need of
perfect patient immobilization and possibility
to use it at the patient’s bed, make US exami-
nation  the  method  of  choice  for  soft  tissue
imaging in pediatric patients. In particular, the
new generation of high-definition small parts
probes of ultrasonographic devices provides a
better resolution than CT in the study of super-
ficial small parts such as inguinal canals and
appendix.
10,11
In our case, US examination allowed a diag-
nosis to be made, later confirmed intra-opera-
tively after hernial sac opening. Early recogni-
tion of this unique presentation of appendici-
tis  allows  trans-hernial  appendectomy  and
immediate  herniorrhaphy.  Delayed  diagnosis
requires drainage of the abscess with appen-
dectomy  and  hernia  repair.
12  Prognosis
depends on early and urgent surgical manage-
ment while mortality rate is nearly zero.
In the literature, some studies revealed that
insulin-like  peptide  3  (Insl-3,  a  member  of
relaxin-insulin superfamily of hormones) has
a  putative  role  in  a  variety  of  physiological
processes. In particular, it seems to play a role
in the process of determination of the differen-
tial position of the gonads in male and female
transgenic mice. In addition, Insl-3 expression
causes inguinal hernia in female transgenic
mice  suggesting  that  a  combined  action  of
estrogens and Insl-3 disrupts proper develop-
ment  of  muscular  and  connective  tissue  in
abdominal structures: in our case, the abdom-
inal wall muscle layer was thin, especially at
the inguinal region.
13
Congenital absence of the pancreas may be
due to Ipf-1 (Insulin promoter factor-1) muta-
tions: this condition could lead to an abnormal
ectodermal  development  during  pregnancy
which  involved  other  abdominal  tissues  like
the omentum.
14,15 Even if our patient resulted
negative  for  Ipf-1  mutations,  lack  of  fetal
insulin production could lead to over expres-
sion  of  other  insulin  promoters  like  Insl-3
which  influences  collagen  development  of
embryonal tissues; we suspect a similar condi-
tion could predispose to develop Amyand her-
nia.  Congenital  CMV,  whose  typical  clinical
symptoms  may  include  intrauterine  growth
restriction  (IUGR),  microcephaly,  hepato-
spleno  megaly,  petechiae,  jaundice,  choriore-
tinitis, thrombocytopenia, anemia and/or other
atypical  findings,  was  excluded  since  the
mother resulted IgG positive and IgM negative
at  CMV  screen  during  pregnancy,  while  the
newborn resulted both IgM and IgG positive
showing a postnatal CMV infection.
16
In  conclusion,  our  case  shows  the  impor-
tance of early diagnosis of AH which allowed
prompt  appropriate  surgical  treatment  and
avoided  further  complication.  Therefore,  we
recommend particular attention when dealing
with  patients  with  abdominal  malformations
(like pancreatic agenesis) in case they present
with abdominal hernia; US may play a pivotal
role in reaching the correct diagnosis.
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